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METHOD FOR MANAGING GREEN POWER
OF A VIRTUAL MACHINE CLUSTER

CROSS-REFERENCE

A technical literature published by the inventors in the 13
IEEE International Workshop on Future Trends of Distrib-
uted Computing System (FTDCS 2011) held in Bantff,
Alberta. Canada during Sep. 2-4, 2011 entitled “Green Power
Management with Dynamic Resource Allocation for Cloud
Virtual Machines”. Said literature is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is related to a virtual machine cluster,
and, more particularly, to amethod for managing green power
of a virtual machine cluster.

2. Brief Description of the Related Art

Since the computer was available in the market, the human
life has rapidly become more and more reliant on the com-
puter, and application of the computer has been more popular
in various living places such as families, offices, entertain-
ments, markets, restaurants, transportation tools, and schools.
Currently, the computer is one of necessities in our daily lives,
and its importance is invaluable.

The software and hardware for the computer are developed
ineffably along with unceasing progress of the digital tech-
nology. In the early times, the computer with single core
processor, which was independently used everywhere, could
provide services satisfying needs of most users. However, in
order to meet more complicated works and service speeds
which are expected by the users, on the one hand, the appli-
cation network has been developed to connect multiple com-
puters for the computers being capable of sharing the services
and works so as to achieve the effect of service widely and
speedily, and, on the other hand, the computer with multi-core
processors has been developed as a servo host to enhance the
effect of service.

Recently, due to development of cloud technology, a net-
work service system with gathering multiple servo hosts
becomes a basic system framework of the cloud service;
wherein, it is naturally needed that a single servo host
executes more different incompatible application programs
to avoid the servo host in a state of low usage rate. Under the
circumstances, the virtual machine simulation software run-
ning on each of physical machines such as servo hosts is
applied to logically divide the servo host into multiple virtual
machines to achieve a purpose of sharing resources com-
monly, and it becomes the best cloud service system frame-
work which not only offers more executable application pro-
grams to share the resources but also promotes the reliability
of service of the servo host.

In a cloud service system framework of a virtual machine
cluster consisting of multiple physical machines such as servo
hosts, it is not easy to control load changes of the physical
machines accurately; as a result, when the system is operated
with excessively high or low loads, consumption of the power
thereof is wasted unintentionally such that it is incapable of
meeting requirements of the contemporary environmental
protection for the green power, and it is necessary and worth
to improve the deficiency.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to pro-
vide a method for managing green power of a virtual machine
cluster to control the load rate of the virtual machine cluster.
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In order to achieve the preceding object, the method for
managing green power according to the present invention is
suitable for green power management of the virtual machine
cluster, wherein the virtual machine cluster consists of a
plurality of physical machines such as servo hosts and the
total numbers of the physical machines are represented by P
in which there are a plurality of running physical machines
and the total numbers of the running physical machines are
represented by p with at least a virtual machine, and the
remainder physical machines represented by P-p are off and
in a state of standby.

The method for managing green power comprises follow-
ing steps: calculating the gross occupied resource weight
ratio of the virtual machine cluster which is a ratio of the sum
of'resource weights of all virtual machines proportional to the
sum of available resource weights of the p running physical
machines; when the gross occupied resource weight ratio
being greater than a maximum tolerant occupied resource
weight ratio A set by the user, and p<P, electing and waking up
a standby physical machine in non-running physical
machines to join as one of the running physical machines, i.e.,
p=p+1; when the gross occupied resource weight ratio being
less than a minimum critical occupied resource weight ratio
[, and p>1, electing one of the running physical machines as
a migration physical machine, moving the virtual machine of
the migration physical machine to other running physical
machines, and shutting oft the migration physical machine;
executing a resource allocation process to distribute loads of
the running physical machines.

Wherein, the gross occupied resource weight ratio 0, , ,, 1s
calculated with following equation:

n

p
Oroad = E (VM jicpuuse * VM jiramatiocare ) / Z (PMcpy + PMigant)
=) s

Inthe preceding equation, j is a serial number of the respec-
tive physical machine, i is a serial number of the respective
virtual machine, p represents the total numbers of the running
physical machines of the virtual machine cluster, n represents
the total number of the virtual machines, VM};cz,.. is a
processor load rate of i virtual machine in j physical machine,
VM, srsatiocare 18 @ memory allocation of i virtual machine in
j physical machine, PM, ., ,is a processor resource in j physi-
cal machine, and PM, . ,,, is a memory resource in j physical
machine.

Wherein, the elected standby physical machine is a non-
running physical machine capable of allowing the value of the
gross occupied resource weight ratio calculated again closest
to (A+p)/2 after running.

Wherein, one of the running physical machines with the
least load or the least virtual machines is elected as the migra-
tion physical machine.

Wherein, the resource allocation process, which is a
dynamic resource allocation process for distributing loads of
the running physical machines evenly, further comprises fol-
lowing steps: calculating a virtual machine occupying
resource weight of the respective virtual machine, a physical
machine occupying resource weight of the respective physi-
cal machine and an average physical machine occupying
resource weight of all the physical machines; executing fol-
lowing steps when a diftference between the physical machine
occupying resource weight and the average physical machine
occupying resource weight being greater than a migration
default value:
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electing a physical machine with a maximum physical
machine occupying resource weight as the migration source
machine;

electing a physical machine with a minimum physical
machine occupying resource weight as a migration target
machine;

calculating a migration difference between the physical
machine occupying resource weight of the migration source
machine and the average physical machine occupying
resource weight;

electing a virtual machine in the migration source machine
with the virtual machine occupying resource weight thereof
closest to the migration difference as a migration virtual
machine;

moving the migration virtual machine to the migration
target machine.

Wherein, the virtual machine occupying resource weight,
the physical machine occupying resource weight, and the
average physical machine occupying resource weight are cal-
culated based on the resources of the processors and the
memories in the physical machine.

Wherein, the virtual machine occupying resource weight,
the physical machine occupying resource weight, and the
average physical machine occupying resource weight are cal-
culated with following equations:

n
VM jirate = (VM jicpuuse ¥ VM jiraMatiocate ) / Z (VM jicpuuse # VM jiraMatiocate )
i1

v
HOST gt = Z VM jiRate
in1

a=1/p

In the preceding equations, j is a serial number of the
respective physical machine, i is a serial number of the
respective virtual machine; p represents the total numbers of
the running physical machines; n represents the total numbers
of' the virtual machines; v represents the total numbers of the
virtual machines in the respective physical machine; VM, 4 ...
is a virtual machine occupying resource rate of i virtual
machine in j physical machine to act as aforementioned vir-
tual machine occupying resource weight, i.e., the rate of the
occupying resource ini virtual machine of j physical machine
proportional to the occupying resource in the virtual machine
cluster; VM, 1,5, 15 @ processor load rate of i virtual
machine in j physical machine; VM ;z 42,7004z 15 @ memory
allocation of i virtual machine in j physical machine;
HOST 4 . is a physical machine occupying resource rate of j
physical machine to act as aforementioned physical machine
occupying resource weight, i.e., the sum of the virtual
machine occupying resource rates in the j physical machine;
a is an average physical machine occupying resource rate of
the physical machines to act as aforementioned average
physical machine occupying resource weight.

As the forgoing, the method for managing green power
according to the present invention is capable of controlling
the load rate of the virtual machine cluster in a range set by the
user such that the load being too high or too low will not
happen. In addition, the virtual machines in the physical
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4

machine with high load rate can be migrated to the physical
machine with low load rate to achieve the effect of energy
conservation.

BRIEF DESCRIPTION OF THE DRAWINGS

The detail structure, the applied principle, the function and
the effectiveness of the present invention can be more fully
understood with reference to the following description and
accompanying drawings in which:

FIG. 1is a block diagram illustrating the system framework
of'a method for managing green power of a virtual machine
cluster according to the preferred embodiment of the present
invention;

FIG. 2 is a flow chart illustrating steps of the method for
managing green power of a virtual machine cluster according
to the preferred embodiment of the present invention;

FIG. 3 is a flow chart illustrating a process for the resource
allocation shown in FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, the system framework of a method for
managing green power according to the preferred embodi-
ment of the present invention is illustrated. The method for
managing green power illustrated in the preferred embodi-
ment of the present invention is a web-based management
tool to conduct the green power management of a virtual
machine cluster 10.

Wherein, the virtual machine cluster 10 consists of P physi-
cal machines such as servo hosts in which there are p physical
machines 11, 12, 13, 14, . . . , p are in a state of running
respectively (only four running physical machines 11,12, 13,
14 are shown to represent the p running physical machines),
and P-p physical machines are in a state of being off and
standby respectively (not shown); the running physical
machines 11, 12, 13, 14 each execute Xen Hypervisor soft-
ware to simulate one or more virtual machines vmxx; life
migrations of the virtual machines vmxx are operated and
managed by the OpenNebula software.

Referring to FIG. 2 in company with FIG. 1, the flow chart
shown in FIG. 2 illustrates steps of the method for managing
green power disclosed in the preferred embodiment of inven-
tion. Step 21 shown in FIG. 2 is to figure out gross occupied
resource weight ratio of the virtual machine cluster; the gross
occupied resource weight ratio is referred to a rate of sum of
occupied resource weights of all the virtual machines vmxx
proportional to the sum of resource weights of all the running
physical machines 11, 12, 13, 14 shown in FIG. 2.

Next, determine if loads of all the running physical
machines 11, 12, 13, 14 are excessively high in Step 22, and
when the gross occupied resource weight ratio of the running
physical machines 11, 12, 13, 14 is greater than a maximum
tolerant occupied resource weight ratio A set by the user, it
means the loads are excessively high; at the moment, if there
are physical machines still not running, that is, a condition
p<Pis true, one of the standby physical machines is elected to
join as one of the running physical machines in Step 23. In
other words, the numbers of the running physical machines
are increased to p+1 from p, and then enter step 28 to move
part of the virtual machines vmxx corresponding to the run-
ning physical machines 11, 12, 13, 14 into the newly added
physical machine to allocate the loads of physical machines
again.

In step 22, if it is determined that the loads of the physical
machines 11, 12, 13, 14 are not excessively high, step 24 is
processed to determine if the loads are excessively low, and
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when the gross occupied resource weight ratio corresponding
to the running physical machines 11, 12, 13, 14 is lower than
a minimum critical occupied resource weight ratio f§ set by
the user, it means the loads are excessively low; at the
moment, if there are two or more running physical machines,
that is, a condition p>1 is true, one of the running physical
machines 11, 12, 13, 14 is elected as a migration physical
machine in step 25, and the virtual machines vmxx in the
elected migration physical machine are moved to other run-
ning physical machines; then step 26 is executed to check if
the migration is finished, and step 27 is processed to shut off
the elected migration physical machine as a standby physical
machine when it is determined that the migration is done; in
other words, the numbers of the running physical machines
are decreased to p—1 from p; further, step 28 is processed to
conduct a procedure of resource allocation electively for the
loads of the running physical machines.

In step 21, the gross occupied resource weight ratio 0, ,,,
is calculated with occupied resource amounts of processors
and memories of the physical machines 11, 12, 13, 14, and,
for instance, it can be figured out with following equation (1):

” P (69)
Oroad = E (VM jicpuuse * VM jiramatiocate ) / Z (PMcpy * PMigan)
=) s

wherein j is a serial number of the respective physical
machine, i is a serial number of the respective virtual
machine, p represents total numbers of the running physical
machines of the virtual machine cluster, n represents total
numbers of the virtual machines, VM, .z, 1 processor
load rate of i virtual machine in j physical machine,
VM, g satattocare 15 memory allocation of 1 virtual machine in j
physical machine, PM; .., is processor resource in j physical
machine, and PM,,,,, is memory resource in j physical
machine.

In step 23, when electing the standby physical machine, the
elected standby physical machine is joined as one of the
running physical machines and the gross occupied resource
weight ratio is recalculated again; it is a principle that the
recalculated gross occupied resource weight ratio will be
closest to (A+p)/2 for physical machines of the virtual
machine cluster capable of running in a state of better load
condition after the standby physical machine is joined as one
of the running physical machines.

In step 25, when electing the migration physical machine,
it is a principle that one of the running physical machines 11,
12,13, 14 with the least load or virtual machines is elected to
facilitate the process of migration.

Referring to FIG. 3, the resource allocation process in step
28 will be explained how to allocate the loads of the running
physical machines 11, 12, 13, 14 again hereinafter with the
flow chart shown in FIG. 3. In FIG. 3, the conducted resource
allocation process is a dynamic resource allocation process
capable of allocating the loads of the running physical
machines 11, 12, 13, 14 evenly.

Step 31 in the flow chart of FIG. 3 is to calculate the virtual
machine occupying resource weight of each of the virtual
machines vmxx, the physical machine occupying resource
weight of each of the physical machines and average physical
machine occupying resource weight of all the physical
machines.

Wherein, the virtual machine occupying resource weight
of each of the virtual machines vmxx, the physical machine
occupying resource weight of each of the physical machines
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and average physical machine occupying resource weight of
all the physical machines are figured out with the virtual
machines vmxx using resources of the processors and memo-
ries in the physical machines 11, 12, 13, 14 to obtain a virtual
machine occupying resource rate representing the virtual
machine occupying resource weight of the respective virtual
machine vmxx, a physical machine occupying resource rate
representing the physical machine occupying resource
weight of the respective physical machine, and an average
physical machine occupying resource rate representing the
average physical machine occupying resource weight of all
the physical machines. Following equations are applied to
calculate the preceding rates:

VM jigate = @
n
(VM jicpuuse * VM jiraMatiocate) / Z (VM jicpuuse # VM jiraMatiocate )
i1
v (3)
HOST gt = Z VM jiRate
=)
a=1/p 4

Wherein, j is a serial number of the respective physical
machine 11, 12, 13, 14, i is a serial number of the respective
virtual machine; p represents total numbers of the running
physical machines 11, 12, 13, 14 of the virtual machine clus-
ter 10, ie., 4; n represents total numbers of the virtual
machines vmxx in the virtual machine cluster 10, i.e., 14; v
represents total numbers of the virtual machines of the
respective physical machines 11, 12, 13, 14, i.e., 5, 2, 3, and
4 respectively; VM 5, is virtual machine occupying
resource rate of i virtual machine in j physical machine;
VM, cprrse 18 processor load rate of i virtual machine in j
physical machine; VM, saz.110c4r 18 memory allocation of i
virtual machine in j physical machine; HOST . is physical
machine occupying resource rate of j physical machine; a is
an average physical machine occupying resource rate.

In the preceding equations (1), (2), (3), and (4), although
the load rate VM, cppy,. and the memory allocation
VM2 srsattocare ©F the respective virtual machine in each of
the physical machines 11, 12, 13, 14 are calculated in per-
centage to obtain the gross occupied resource weight ratio
0;04p and the virtual machine occupying resource rate
VM,;z,.; the physical machine occupying resource rate
HOST .. and the average physical machine occupying
resource rate o to act as the virtual machine occupying
resource weight, the physical machine occupying resource
weight, and the average physical machine occupying
resource weight respectively, a person skillful in the art
should know that other resources in the physical machines 11,
12, 13, 14 such as storage devices can be taken into account,
or the weight values can be calculated with other different
equations.

After the virtual machine occupying resource weight of
each of the virtual machines vmxx, the physical machine
occupying resource weight of each of the physical machines
11, 12, 13, 14, and average physical machine occupying
resource weight of all the physical machines 11, 12, 13, 14
having been figured out, it is determined in step 32 if the
migration of virtual machine is processed, and when a differ-
ence between the physical machine occupying resource
weight of any one of the physical machines 11,12, 13, 14 and
the average physical machine occupying resource weight is
greater than, for instance, a migration default value o set by
the user, steps 33~37 are conducted to process the migration.
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In step 33, a physical machine with the maximum physical
machine occupying resource weight is elected as a migration
source machine, then, in step 34, a physical machine with the
minimum physical machine occupying resource weight is
elected as a migration target machine, further, in step 35, a
migration difference between the physical machine occupy-
ing resource weight of the migration source machine and the
average physical machine occupying resource weight is cal-
culated, further, in step 36, a virtual machine with the virtual
machine occupying resource weight thereof closest to the
migration difference is elected as a migration virtual
machine, and, finally, in step 37, the migration virtual
machine is moved to the migration target machine to com-
plete a resource allocation cycle and enter another resource
allocation cycle.

It is supposed that the physical machines 11, 12,13, 14 in
FIG. 1 each is a servo host with 8 processor cores and 8192
Kbytes memory such that the available processor load rate of
each of the physical machines 11, 12, 13, 14 is 8*100=800.
Besides, the processor load rate VM, and the memory
allocation VM, yrsa7100az. ©f the virtual machines vmxx in
each of the physical machines 11, 12, 13, 14, and the values
figured out with the preceding equations (2)(3) are shown in
following table (The unit of the memory allocation
VM, rantatiocase 13 Kbytes):

J

Physical
Ma- Virtual
chine Machine  VMj;cppuse  VMjrantatiocare Y Mjirare HOSTirare
11 VmoO1 95 512 0.08 0.45
Vm02 100 1024 0.17
Vmo03 40 2048 0.14
Vmo4 10 512 0.01
Vmo05 30 1024 0.05
12 Vmo06 70 1024 0.12 0.17
VmO07 60 512 0.05
13 Vmo0g§ 10 1024 0.02 0.05
Vmo09 15 512 0.01
Vm10 20 512 0.02
14 Vmll 45 1024 0.08 0.33
Vml12 60 512 0.05
Vm13 30 512 0.03
Vml14 100 1024 0.17

It is supposed that the migration default value 0=0.05, and
it is calculated with equation (4) that the average physical
machine occupying resource rate a="4=0.25 such that a dif-
ference (HOST,,,.~c) for the respective physical machines
is found 0.20, -0.08, —0.20, and 0.08, and there are some of
the difference values greater than the migration default value
0; under the circumstance, the migration has to be processed,
and the physical machine 11, which provides the greatest
physical machine occupying resource ratio 0.45, can be used
as the migration source machine, and the physical machine
13, which provides the least physical machine occupying
resource ratio 0.05, can be used as the migration target
machine. In addition, the virtual machine occupying resource
ratio VM, z .., of the virtual machine vin02 is 0.17, and it is
closest to the migration difference 0.20 of the physical
machine 11 such that the virtual machine vm02, which is used
as the migration virtual machine, is migrated to the physical
machine 13. The results after migration is listed in a table
presented hereinafter:
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Physical
Ma- Virtual
chine Machine VMjiCPUuse VMjiRAMallocate VMjiRate HOSTjRate
11 Vmo01 95 512 0.08 0.28
Vmo03 40 2048 0.14
Vm04 10 512 0.01
Vmo05 30 1024 0.05
12 Vm06 70 1024 0.12 0.17
Vm07 60 512 0.05
13 Vm02 100 1024 0.17 0.22
Vmo08 10 1024 0.02
Vm09 15 512 0.01
Vml0 20 512 0.02
14 Vmll 45 1024 0.08 0.33
Vml2 60 512 0.05
Vml3 30 512 0.03
Vml4 100 1024 0.17

After the migration being processed once, the difference
(HOST ,,,,—c) calculated again for the physical machines is
0.03, -0.08, —0.03, and 0.08, respectively, and there are still
difference values greater than the migration default value o; It
is found that the physical machine 14, which has the greatest
physical machine occupying resource ratio 0.33, can be used
as the migration source machine, and the physical machine
12, which has the smallest physical machine occupying
resource ratio 0.17, can be used as the migration target
machine. In addition, the virtual machine occupying resource
ratio VM, z .., of the virtual machine vin11 is 0.08, and it is
closest to the migration difference 0.08 of the physical
machine 14 such that the virtual machine vim11, which can be
used as the migration virtual machine, is migrated to the
physical machine 12. The difference (HOST ,,,.~c) for the
physical machines is 0.03, 0, -0.03, and 0, respectively, and
the effect of load balance is achieved substantively.

While the invention has been described with referencing to
the preferred embodiment thereof; it is to be understood that
modifications or variations may be easily made without
departing from the spirit of this invention defined in the
appended claims.

What is claimed is:

1. A method for managing green power of a virtual machine
cluster which has a plurality of physical machines with some
of the physical machines being in a state of running, and
having at least a virtual machine, respectively, wherein total
numbers of the physical machines are represented by P, and
total numbers of the running physical machines are repre-
sented by p, comprising following steps:

calculating a gross occupied resource weight ratio of the

virtual machine cluster which is represented by 0, ,,;
wherein said physical machines are provided with
resources of processors and memories, and said gross
occupied resource weight ratio is calculated based on the
resources of the processors and the memories;

wherein the gross occupied resource weight ratio ; , ,, is

calculated with following equation:

n

p
Oroad = E (VM jicpuuse * VM jiramatiocare ) / Z (PMcpy + PMigant)
= =1

wherein j is a serial number of the respective physical
machine, i is a serial number of the respective virtual
machine, p represent the total numbers of the running
physical machines of the virtual machine cluster, n rep-
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resents total numbers of the virtual machines,
VM, cprs. 18 @ processor load rate of i virtual machine
in j physical machine, VM,;z sasa11004c 15 @ memory allo-
cation of i virtual machine in j physical machine,
PM, .z, is a processor resource in j physical machine,
and PM, 4,,is amemory resource in j physical machine;

when said gross occupied resource weight ratio being
greater than a maximum tolerant occupied resource
weight ratio which is represented by A, and a condition
p<P being true, electing and waking up a standby physi-
cal machine in non-running physical machines of the
physical machines to join as one of the running physical
machines;

when said gross occupied resource weight ratio being less

than a minimum critical occupied resource weight ratio
which is represented by f§, and a condition p>1 being
true, electing one of said running physical machines as a
migration physical machine and moving said virtual
machine in said migration physical machine to other
running physical machines, and shutting off said migra-
tion physical machine; and

executing a resource allocation process to allocate loads of

the running physical machines.
2. The method for managing green power of a virtual
machine cluster as defined in claim 1, wherein said standby
physical machine is a non-running physical machine capable
for said gross occupied resource weight ratio being calculated
again to obtain a result closest to a result calculated with an
expression (A+)/2 after being joined as one of the running
physical machines.
3. The method for managing green power of a virtual
machine cluster as defined in claim 1, wherein one of the
running physical machines with the least load is elected as the
migration physical machine.
4. The method for managing green power of a virtual
machine cluster as defined in claim 1, wherein one of the
running physical machines with the least virtual machines is
elected as the migration physical machine.
5. The method for managing green power of a virtual
machine cluster as defined in claim 1, wherein said resource
allocation process, which is a dynamic resource allocation
process distributing loads of the running physical machines
evenly, further comprises following steps:
calculating a virtual machine occupying resource weight of
the respective virtual machine, a physical machine occu-
pying resource weight of the respective physical
machine and an average physical machine occupying
resource weight of all the physical machines;

executing following steps when a difference between the
physical machine occupying resource weight and the
average physical machine occupying resource weight
being greater than a migration default value:

electing a physical machine with a maximum physical

machine occupying resource weight as a migration
source machine;

electing a physical machine with a minimum physical

machine occupying resource weight as a migration tar-
get machine;
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calculating a migration difference between the physical
machine occupying resource weight of the migration
source machine and the average physical machine occu-
pying resource weight;

electing a virtual machine in the migration source machine

with the virtual machine occupying resource weight
thereof closest to the migration difference as a migration
virtual machine;

moving the migration virtual machine to the migration

target machine.

6. The method for managing green power of a virtual
machine cluster as defined in claim 5, wherein the virtual
machine occupying resource weight, the physical machine
occupying resource weight, and the average physical
machine occupying resource weight are calculated based on
the resources of the processors and the memories in the physi-
cal machine.

7. The method for managing green power of a virtual
machine cluster as defined in claim 5, wherein the virtual
machine occupying resource weight, the physical machine
occupying resource weight, and the average physical
machine occupying resource weight are calculated w follow-
ing equations:

VM jigate =

(VM jicpuuse * VM jiraMatiocate) / Z (VM jicpuuse # VM jiraMatiocate )

v
HOST gt = Z VM jiRate
=)

a=1/p

wherein, j is a serial number of the respective physical
machine, i is a serial number of the respective virtual
machine; p represents total numbers of the running physical
machines; n represents total numbers of the virtual machines;
v is total numbers of the virtual machines in the respective
physical machine; VM, is a virtual machine occupying
resource rate of i Vlrtual machine in j physical machine to act
as said virtual machine occupying resource Weight

VM, cprsse 18 @ processor load rate of i virtual machine in j
physical machine; VM, 1 s.700az 15 @ memory allocation of
ivirtual machine in J pﬁyswal machine; HOST Rate is a physi-
cal machine occupying resource rate of ] phy51ca1 machine to
act as said physical machine occupying resource weight; o is
an average physical machine occupying resource rate of the
physical machines to act as said average physical machine
occupying resource weight.

8. The method for managing green power of a virtual
machine cluster as defined in claim 5, wherein the migration
default value is set by a user.

9. The method for managing green power of a virtual
machine cluster as defined in claim 1, wherein the maximum
tolerant occupied resource weight ratio and the minimum
critical occupied resource weight ratio are set by the user.
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